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Biological value, and protein intake '43
T h e object of my investigation was to study the influence of the nitrogen intake upon the biological value of a herring-meal protein. The intake was varied by varying either the food intake at a constant protein content, or the protein content at a constant food intake. It. was soon realized that the urinary excretion of nitrogen was the important variable to be studied. Therefore, in two experiments, determinations of metabolic and endogenous nitrogen losses were omitted. The effect of protein content upon the biological value observed by Mitchell (1923-4) was confirmed. The results indicated, however, that the numerical difference between biological values was greatly influenced by the assumptions made about the magnitude of endogenous urinary nitrogen excretion.
When the food intake was varied and the experimental animals were of similar body-weight an increased food intake seemed to increase the biological utilization of dietary nitrogen.
EXPERIMENTAL
T h e biological values were determined either by the original Mitchell method or by a shortened version of it as described by Njaa (1959). When only urinary nitrogen excretion was considered, six triads of litter-mate rats were used in each experiment. Within litters the rats were of the same sex and one rat from each triad was allotted to each treatment. If a rat failed to consume its daily ration completely, or if samples of faeces or urine were lost, the results for it and its litter-mates were omitted from the calculations. The herring meal (no. 3) which was used in all experiments contained 73.3 yo conventional protein (N x 6.25). The experimental diets contained 6, 8 or 10% protein. The protein content of the diet was varied by changing on an equalweight basis the proportions of the protein source and of the partly dextrinized potato starch.
Expt I . Effect of food intake upon the biological value of a herring-meal protein and upon the quantities determining this value
Two herring meals were compared at the 10 % level of protein intake in an experiment in which the original version of Mitchell's method (Njaa, 1959) was used. Only results for one of them, no. 3, are considered here. All rats received 8 g food daily in the first low egg-protein period and in the second feeding period with the two herringmeal diets. I n the third and fourth periods all rats received 10 g daily. They were I44 L. R. NJAA I959 this experiment and in Expt 3 made it possible to compare the effects of treatments after a short (4 days) and after a rather long (24 or 31 days) period of preliminary feeding.
Expt 3. Effect of food intake upon urinary excretion of nitrogen, expressed as a percentage of the nitrogen intake
Herring meal no. 3 was given in two experimental periods at a level to supply 10% of protein in the diet. The daily food intakes were 8.33, 10.0 and 12.0 g/rat in the three groups tested. Older rats (about 10 weeks) had to be chosen to have them eat the largest rations. The two periods were 3 weeks apart but the arrangement otherwise was as in Expt 2.
Expt 4. Effect of food intake and protein content of the diet upon urinary excretion of nitrogen, expressed as a percentage of the nitrogen intake Herring meal no. 3 was tested in one experimental period at levels to supply 8 and 10 yo protein, the food intake being 8 or 10 g/rat/day. The group receiving 10 g daily of the 10 yo protein diet was chosen as a reference, and the groups receiving respectively 8 g daily of the 10 yo protein diet and 10 g daily of the 8 yo protein diet were compared with this reference group and with each other. The rats were 4-5 weeks old at the beginning of the experiment.
RESULTS
The results of Expts 1-4 are given in Tables 1-4. Expt I. The biological value and the net protein utilization were higher and the term IooU/I ( U , urinary nitrogen; I , nitrogen intake) correspondingly lower at the lower food intake. The differences were significant ( Table I) . True digestibility and the term 100 U'/I (U', endogenous urinary nitrogen) were scarcely influenced by the change in food intake. The growth rate was better at the higher food intake.
Expt 2. The biological value, the net protein utilization, the true digestibility and the term IOOU'/I were higher the lower the protein concentration. The mean bodyweight and the mean growth rate varied in the opposite direction. T h e term IOOU/I was practically unaffected by the protein content of the diet. Analysis of variance indicated significant differences between protein levels except for the term IOO U / I ; mean body-weight and IOOU'/I were not tested. Biological value and net protein utilization were significantly higher in period 2 than in period I. T h e numerical differences observed were mainly due to corresponding differences between the values for the term IOOU/I and for the term IOOU'/I. Within treatments, values of the latter term are determined by the magnitude of the endogenous urinary excretion of nitrogen (U'), which in turn is determined by the assumptions made about this excretion. The rather low values for the term IOOU/I in period 2 were associated with relatively high growth rates in rather heavy rats. The interaction between periods and treatments was not significant. This indicated that the length of the preliminary feeding period did not influence the effects of treatments.
Expt 3 . The term IooU/I decreased, the mean body-weight and the mean growth rate increased, with increased food intake. For IOOU/I and the mean growth rate, analysis of variance indicated significant differences between food-intake levels and between periods. The interaction between periods and treatments was not significant for the term IOOU/I. This finding indicated that the length of the preliminary feeding period did not influence the effects of treatments on the term. Expt 4. With the group receiving 10 g/rat/day of the 10 % protein diet as reference, lowering of the protein concentration resulted in a lowered value for IooUlI, and lowering of the food intake resulted in an increased value for IooUII. Analysis of variance indicated significant differences between treatments. The effect upon IOO U/I of changing food intake was greater than that of changing the protein content of the diet. It also was so when the growth rate was considered. Differences between the mean body-weights were not tested.
DISCUSSION
It is convenient for the following discussion to break down the biological value, B.v., into the terms of equations I and z
in which D is the true digestibility, N.P.U. the net protein utilization, I the nitrogen intake, U the urinary nitrogen and U the endogenous urinary nitrogen. Vol. 13
Biological value, and protein intake I47 D varied only slightly when the food intake and the protein content of the diet were varied. Also, between experiments D was fairly constant (Expts I and 2). D was therefore considered to be constant for one and the same protein source, in agreement with the findings of Allison, Anderson & Seeley (1946) , and of Forbes et al. (1958) . The validity of this assumption will be discussed in a later communication. On this assumption, conclusions arrived at for N.P.U. will be valid for B.V. (equation I). Variations in N.P.U. are brought about by variations in the terms IOOU/I and IOOU'/I (equation 2). Only the former of these terms may be studied experimentally in relation to the nitrogen intake . Inferences about N.P.U. may be sought by discussing the relationship between IOOU/I and the nitrogen intake. The biological value of protein has been reported to vary with the body-weight, with the age of the experimental animals, or with both (Bell & Loosli, 1951 ; Henry & Kon, 1957) and also with the growth rate (Njaa, 1959). These authors found the lowest values with the heaviest or the oldest or the slowestgrowing animals. I n Table 5 are summarized the IOOU/I values obtained in Expts 1-4 when the daily food intake was 10 g/rat and the protein content of the diet was 10%. Values for age, body-weight and growth rate are also given. The term IooUjI seemed to vary rather closely with the age and the body-weight, except in the second period of Expt 2 in which an exceptional low value for IOOU/I was observed. It was, however, associated with a relatively high growth rate in rather heavy rats. The values in Table 5 are therefore in general agreement with the literature findings cited. Within experiments the rats were of similar age, but it was not possible with the experimental procedures used to compare rats of equal body-weight. I n Expts 2-4 the initial weights were similar, but even the preliminary feeding period of 4 days introduced body-weight differences. It is believed, however, that at least in the first periods of Expts z and 3 and in Expt 4 the rats were of similar body-weight within experiments.
It is important to consider whether the protein utilization was differently affected when the protein intake was changed either by changing the food intake at a constant protein level or by changing the protein level at a constant food intake.
When protein utilization is compared on the basis of the IOOU/I values, a higher food intake was associated with a lower protein utilization in Expt I and with a higher L. R. NJAA I959 utilization in Expts 2 and 4. A higher protein level seemed to be associated with a lower but nearly constant protein utilization in Expt 2, and with a lower utilization in Expt 4. Changes in the food intake influenced the variation in IOOU/I more than did changes in the protein concentration.
The results obtained in Expt I were of doubtful value as not only the food intake but also the age and the body-weight had changed from period 2 to period 3. The change observed in the IOOU/I value may have been related to age or to body-weight or to both ( Table 5) .
The results obtained in Expts 2-4 agreed in indicating that the protein utilization was differently affected by the two ways of changing the protein intake. This difference was most clearly seen in Expt 4 in which the two ways were simultaneously tested. An explanation of this different effect of the intake changes on the IOOU/I values may be sought in the observed growth rates. The growth rate increased when protein intake increased in Expts 2 and 3. I n the former the increase in the growth rate was less rapid, in the latter more rapid, than the increase in the protein intake. I n Expt 4 the change in the food intake influenced the growth rate more than did the change in the protein level. Within periods, the growth rate therefore seemed to give the same indications about the protein utilization as did the IOOU/I values. Between periods it did not seem to be so (Expt I, Table I ).
Other main points worthy of consideration are whether the N.P.U. value (or B.v.) was lower at higher protein levels than it was at lower levels, and whether the N.P.U. value (or B.v.) was unaffected by variations in the food intake. These questions cannot be answered unless the magnitude of the endogenous urinary excretion of nitrogen (U') is known. With equation (2) and the observed values for I and 1ooU/1, the values for U' consistent with constant N.P.U. at different nitrogen intakes were calculated from the values in Expts 2-4. Those for different protein levels gave by calculation slightly negative (Expt 2) or decidedly negative (Expt 4) values for U'. If a constant endogenous urinary excretion of nitrogen is assumed (Folin, 1905 ; Mitchell, 1955), these results indicate that N.P.U. (and B.v.) was lower at the higher protein levels. Calculation from the values for different food intakes gave for U' about 60 mg nitrogen/rat/day in Expt 3 and about 40 in Expt 4. If these values are distinctly higher than normal endogenous urinary nitrogen excretion, a higher N.P.U. (and B.v.) at the higher food intakes would be indicated. Mitchell (1948) found 0.6 mg nitrogen/g (body-weight)oa75 as the mean value of 156 estimations of the daily endogenous urinary excretion in the young rat. Calculations from the values with the low egg-protein diet in Expts I and 2 gave approximately the same mean value as that found by Mitchell (1948). With endogenous urinary excretion of this magnitude for the rats in Expts 3 and 4, the daily excretions from this source would be in the range 15-30 mg nitrogen/rat/day. These values agree well with the tabulations of the endogenous urinary nitrogen for rats of different body-weight given by Columbus (1954) and by Nehring & Haesler (1954). Thus, the values for IOOUII obtained at a constant protein level and at different food intakes imply that protein was utilized better at the higher food intakes.
This inference does not agree with Mitchell's (1923-4) conclusions on this point.
Mitchell's data were, however, obtained with rats of greatly differing body-weight VOl. I 3 Biological value, and protein intake I49 and growth rate. It is conceivable that any effect of the food intake upon the biological value may have been masked by the effects of body-weight and growth rate. On the other hand, Bender (1956) demonstrated a positive correlation between the N.P.U. and the voluntary food intake for different proteins given at a constant dietary level. My findings indicate that it may have been a consequence of the variation in the food intake per se. In a recent publication Forbes et al. (1958) observed a tendency for the biological value of casein to be lower at a daily food intake of 6 g than with 8 or 10 g.
Determinations of N.P.U. or B.V. aim at comparing different protein sources on the basis of their available amino-acid set-up. My results, and those of Bender (1956) and of Forbes et al. (1958) , indicate that such comparisons should be made at a constant food intake.
Calculation of U' by means of equation ( (1955) experiments food-intake variations were noted. I n the last, body-weight changes were also obvious. Changes in protein level and food intake may influence urinary nitrogen excretion in opposite directions when body-weight is constant. When this condition is not fulfilled, more complex relations may be assumed. Therefore, extrapolation procedures for estimation of endogenous urinary nitrogen may be considered to give reliable results only under strictly standardized conditions, and even then factors such as growth rate may not be under control (cf. Table 5 ). I n some instances, when the protein level was low, increase in it did not result in decreased B.V. (Henry & Kon, 1957) . It is conceivable that this situation may be explained by assuming that the effects of food-intake and concentration changes have balanced each other or that, in the lower concentration range, growth rate and concentration have increased at the same rate, or that both effects were involved.
From the results of Expt 2 (Table 2 ) the deciding importance of the term IOOU'/I in determining the numerical value of differences in N.P.U. between protein levels and between experimental periods is evident. For a given range of variation in I , any variation in IOOU'/I will be lower the lower the value ascribed to U'.
The interpretation of my results and of those cited from the literature did not require questioning the constancy of endogenous urinary nitrogen. On the other hand, no clue as to the magnitude of this excretion was obtained. This problem, and the question whether consumption of protein depresses endogenous urinary nitrogen excretion will be discussed in a later communication. Relationships between biological value of a herring-meal protein and the food intake or the dietary protein concentration were studied in experiments with young rats.
2. Inferences about the biological value were drawn from observed variations in the urinary nitrogen excretion, expressed as a percentage of the nitrogen intake. The latter was varied either by varying the food intake at a constant protein level or by varying the protein level at a constant food intake. The importance of comparing rats of the same age and of similar body-weight was demonstrated.
3. The utilization of protein was lowered when its level in the diet was increased, but was improved when the food intake was increased. These conclusions were based upon prevalent assumptions about endogenous urinary nitrogen. The part of the growth rate in determining the different responses to increased protein intake was indicated.
4. It is concluded that extrapolation procedures for estimation of endogenous urinary nitrogen should be used only under strictly standardized conditions. 5. The importance of endogenous urinary nitrogen in determining numerically differences in biological values is stressed.
